Flushing of intestinal vascular access ports (VAPsl is commonly performed to prevent the problems of blockage and infection, and in this study four different flushing solutions were compared. The growth of bacteria from canine duodenal contents was compared in: 0.9% saline, 50% dextrose, 8.4% sodium bicarbonate (NaHC03! and 0.01 M phosphate buffered saline (PBS).Duodenal contents from three laboratory beagles were serially diluted in these four solutions, spread plated onto agar at 24 h periods for 7 days and bacterial counts were performed. Immediately after the duodenal juices were added, no significant differences could be seen in bacterial counts with any of the solutions. Over the 7 day period, bacterial numbers greatly increased in saline and phosphate buffered saline, but greatly decreased in dextrose and sodium bicarbonate solutions. Dextrose and sodium bicarbonate appeared to be the most promising flushing solutions tested to minimize infections of associated intestinal YAPs.
Chronically placed catheters are used for the intravenous treatment of human patients (Raad & Bodey 1992) and also in animals during research studies for the direct introduction of compounds into particular organs, the circulation, or for the sampling of fluids (DaRif & Rush 1983 , Fitzgerald et a1. 1996 Exteriorized catheters are susceptible to infection and interference by the animal which may shorten their useful life (Meunier et a1. 1993) . In catheters that terminate with a subcutaneous injection port, such as vascular access ports (VAPs) (e.g. Vascular-Access-Ports™, Access Technologies, 7307 N. Ridgeway Skokie, Illinois
Correspondence to: T. H. Morris 60076, USA! there is a reduced chance of infection and lowered susceptibility to animal interference (Dalton 1985 , Brothers et a1. 1988 , Bagley & Flanders 1990 ). YAPs must be regularly flushed, using strict aseptic technique, to maintain patency (Landi et a1. 19961. Sterile 50% dextrose has been used to remain in vascular catheter lumens between flushes (Denis et a1. 1986 , Kwei et a1. 1995 , Fitzgerald et a1. 1996 , Landi et a1. 1996 . This use of hypertonic dextrose to maintain patency in exteriorized catheters has been common for over 40 years (M. Gellai, personal communicationl, based on the rationale that the solution would be bactericidal. No objective evidence has been offered to support this, indeed anecdotal evidence suggests Accepted 20 July 1998 some investigators are concerned dextrose solutions will encourage bacterial growth.
Vascular access ports have been used to provide access to the intestinal tract, such as the duodenum (Meunier et a1. 1993 , Kwei et a1.1995 , Hill et a1. 1996 , and also need to be flushed regularly to prevent plugging of the catheter with ingesta and infection. Intestinal lumenal bacteria may ascend up and through the port rubber, during needle withdrawal, causing local infection (Meunier et a1. 1993) . Experience in the author's facility of flushing gut access VAPs with sterile 0.9% saline, then leaving this same solution in the lumen between flushes, resulted in local abscesses in two out of four dogs within 2 months of implantation (H. Elliott, personal communication). Sterile 8.4% sodium bicarbonate (NaHC03) has been used as a flushing solution for gut VAPs (Kwei et a1. 1995) .
The purpose of this study was to compare the growth of bacteria found in canine duodenal contents when placed in sterile 0.9% saline, 50% dextrose, 8.4% NaHC03 and 0.01 M phosphate buffered saline (PBS)solutions over the period of a week to determine the most effective solution to maintain patency and minimize associated infection of intestinal VAPs.
Materials and methods

Collection of duodenal contents
Approximately 4 ml duodenal contents were collected as part of routine maintenance procedures from male beagles (from in-house breeding colony) aged 2 to 4 years. Animal care and husbandry were in accordance with the United Kingdom Animals (Scientific Procedures) Act 1986. The dogs were socially housed in kennels with ad libitum access to fresh water and fed on a pelleted diet (Diet A SQC, Special Diet Services, Witham CM8 3AD, UK). The dogs were housed with 12 h on /12h off lighting, humidity in the range 55 ± 10%, and environmental temperature in the range IS-24°C. These dogs had Gregory type (Debas 1986 ) titanium cannulae, modified with a screw cap, surgically implanted Laboratory Animals (1999) 33 Lynch et al.
to provide access to the duodenum (Markowitz et a1. 1964)3-12 months beforehand. To obtain samples the dogs were fed and one hour later the caps of the cannulae were removed and samples collected by drainage into sterile containers (30 ml Universal container, Bibby Sterilin, Staffordshire ST15 OSA,UKl. The samples were taken immediately to the adjacent laboratory in the same building.
Aerobic bacterial counts
Flushing solutions, 0.9% saline (Fisher Scientific, Loughborough LE11 5RG, UK), 8.4% NaHC03 [8.4% W/Vj Polyfusorj Fresenius Healthcare Group, Basingstoke, UK), 50% dextrose (0-50 Injection, C-Vet Leyland PR5 3QN, UK) were obtained, and 0.01 M phosphate buffered saline (PBS)was prepared from tablets (P4417, Sigma-Aldrich, Poole BH12 4QH, UK) and autoclaved. The pH of the solutions were 5.12,9.18,3.64, 7.49 for saline, NaHC03, dextrose, and PBSrespectively.
Duodenal contents were homogenized separately using a 5 ml general purpose uniform tissue grinder lJencons, Leighton Buzzard, UK), and 0.5 ml of each duodenal sample was added to 4.5 ml of these four solutions. Starting from each of these initial dilutions further lO-fold dilutions were carried out, ending in a 1:10 9 dilution. 50 III of each of the dilutions within each series was spread plated in duplicate onto separate commercially prepared 5% horse blood agar plates (BioMerieux UK, Basingstoke, Hampshire RG22 6HY, UK). Plates were inoculated immediately with the fresh dilutions and after the dilutions had incubated at 37°C for 24,48, 72, 96 and 168 h. All agar plates were then incubated at 37°C for 24 h, and the absolute number of bacteria per ml of duodenal sample was calculated for each of the solutions tested at each time point by selecting the plates from the dilution at which 30-300 colonies were present. Colonies were counted manually, each colony being marked with a pen as it was recorded. Duplicate controls were set up for each dilution series by plating out 50 III of 0.9% salinej 50% dextrosej 8.4% NaHC03 and 0.01 M PBS.
Anaerobic bacterial counts
The methodology was the same as for aerobic counts except that the solutions were inoculated onto anaerobe agar plates with neomycin IBioMerieux, UK) and incubated anaerobically in a Microflow Anaerobic System Mark 2 cabinet (M.D.H. Limited, Andover, Hampshire SPIO 5AA, UK). The dilution series in 0.01 M PBSwas not carried out due to limited space.
Statistical methods
As values collected ranged from 0 to lOll, the data were log 10 transformed prior to analysis. This was found to be the best power transformation to use according to the Box-Cox procedure (Weisburg 1980) . This is an approach used to determine the appropriate transformation to satisfy the main assumptions underlying the analysis, including normality. Analysis of variance (Cochran & Cox 19571was applied where appropriate on the data using the statistical software package SASQ9 (SASInstitute Inc. Cary, NC 27513-2414, USA), to determine significance of differences between bacterial counts in the different solutions tested and bacterial counts over time. Conclusions were based on P values, where P < 0.05 was taken as a statistically significant endpoint.
Results
Aerobic bacterial counts (Tables 1 and 2)
There were no significant differences in bacterial counts from the three duodenal contents at 0 hours. After 24-48 h, the bacterial 145 counts in dextrose and NaHC0 3 declined, and continued to decline over 168 h, while in saline and PBS the bacterial numbers continued to increase over the 24 h to 168 h period. ANOVA showed no significant differences in counts from 72 h onwards so the last three time points were averaged for analysis. Bacterial counts with PBS and saline showed significant differences compared to NaHC03 and dextrose solutions. There were no significant differences between PBS and saline over time, nor between dextrose and NaHC03. The plates that were overgrown at the 10 9 dilutions are shown as counts of lOll; bacterial growth could have been even greater in these cases.
Anaerobic bacterial counts (Tables 3 and 4)
There were no significant differences in bacterial counts from the three duodenal contents at 0 hours. From 0 to 24 h there was a reduction in bacterial growth in dextrose and NaHC03, but in saline a rise occurred. AN OVA showed that from 24-168 h there was no significant change in bacterial counts in saline, dextrose or NaHC03, therefore, for analysis data were averaged out from 24 h onwards. Saline showed significant differences to dextrose and NaHC03 at all time points except 0 hours. There were no statistically significant differences between dextrose and NaHC0 3 at any time point. The plates that were overgrown at the 10 9 dilutions are shown as counts of lOll, bacterial growth could have been even greater in these cases. 11.00 11.00 11.00 0.00 4.55 0.00 0.00 5.85 3.59 11.00 11.00 11.00 96 11.00 11.00 11.00 0.00 3.96 0.00 0.00 4.90 2.95 11.00 11.00 11.00 168 11.00 11.00 11.00 0.00 0.00 0.00 0.00 0.00 0.00 11.00 11.00 11.00
ND= not done, NaHC03= sodium bicarbonate, PBS= phosphate buffered saline There was no bacterial growth in the control solutions.
Discussion
Dextrose and NaHC03 solutions significantly reduced the number of duodenal bacteria over 168 h. The osmolarity of 0.9% saline, 308 mosmjl (Tennant 1997) is similar to that of serum, 305 mosmjl (Morton et al. 1997 ), but as 50% dextrose solution has an osmolarity of 2525 mosmjl (Tennant 19971;  it exerts about 10 times the osmotic pressure, (6.3 x 10 6 Nm 2 1, as compared to normal saline (6.98 x 10 5 Nm 2 ). Thus a possible explanation for the bactericidal effect of dextrose is the osmotic dehydration of bacteria, similar to the osmotic hygroscopic bactericidal effects seen in honey (Efam 1988 , Efam et al. 19921. Coral et al. (1988 ruled out osmotic mechanisms of bacterial inhibition by NaHC03 and suggested the bicarbonate ion, by altering the membrane permeability and pH elevation causes inhibition of bacterial growth. The main mechanism by which NaHC03 dentifrices reduce the numbers of cariogenic bacteria in human saliva is thought to be by increasing salivary pH, so creating a hostile environment for the growth of aciduric bacteria (Legier-Vargas et al. 1995) . The pH in the proximal small intestine of dogs is acidic, pH 6.2, (Davies & with infection rates of about 1 in 25 described in one study (Landi et al. 1996) large group sizes would be required to compare different flushing solutions. It may be possible from the current studies of intestinal bacteria to suggest that dextrose might be useful to flush and remain in YAPs implanted into blood vessels between flushes. In summary the in vitro data presented here show dextrose and NaHC03 are able to reduce bacterial numbers over time and on this basis they are superior to saline to flush and remain in intestinal YAPs between flushes.
